An order level inventory model for decaying items with inventory level dependent demand rate. We have considered two cases: first is, model started with no shortages and second is model started from shortages. We have also taken the concept of inflation in this study. Finally, a numerical example for illustration is provided with sensitivity analysis.
I. Introduction:
The important problem associated with the inventory management is to decide where to stock the goods. This problem does not seem to have attracted much attention of researchers in this field. In the existing literature, it is found that classical inventory models generally deal with a single storage facility. The basic assumption in these models is that the management owned storage with unlimited capacity. In the field of inventory management, this is not always true. When an attracted price discount for bulk purchase is available or the cost of procuring goods is higher than the other inventory related costs, management then decides to purchase (or produce) a huge quantity of items at that time. All these items cannot be stored in the existing storage, i.e. in the owned warehouse (OW) with limited capacity. From economical point of view, they usually choose to rent other warehouses than rebuild a new warehouse. Thus, the excess quantities are stored in a rented warehouse (RW). This RW may be located near the OW or a little away from it. The inventory costs (including holding cost and deterioration cost) in RW are usually higher than those in OW due to additional cost of maintenance, material handling, etc. For example, the RW like "Central Warehousing Facility" generally provides better preserving facility than the OW resulting in a lower deterioration rate for the goods. To reduce the inventory costs, it will be economical to consume the goods of RW at the earliest. Consequently, the items are stored first in OW and only excess stock is stored in the RW. Further, the items of RW are transferred to OW in a continuous release pattern to meet the demand until the stock level in the RW is emptied and then the items of the OW are released. Sarma (1983) proposed a two warehouse inventory model by assuming the cost of transporting K-unit from RW to OW as constant and called it as K-release rule (KRR). The rate of replenishment was assumed as infinite. Murdeshwar and Sathe (1985) formulated some aspects of lot size models with two level of storage and derived complete solution for optimum lot size under finite production rates. The authors assumed while deriving the K-release rule that K units were transferred n-times from OW to RW during production stage with constant transportation cost. Sarma (1987) developed a deterministic inventory model for a single deteriorating item which was stored in two different warehouses of non deteriorating product. The preserving facilities were better in rented warehouse than own warehouse resulting in a lower rate of deterioration. Goswami and Chaudhuri (1992) developed an economic order quantity model for items with two levels of storage for a linear trend in demand. An inventory model for deteriorating items with two warehouses was formulated by Pakkala and Achary (1992). Pakkala and Achary (1994) proposed an inventory model for deteriorating products when two separate warehouses were used. A deterministic order level inventory model for deteriorating items with two storage facilities was discussed by Benkherouf (1997). Bhunia and Maiti (1998) developed a deterministic inventory model with two warehouses for deteriorating items taking linearly increasing demand with time, shortages were allowed and excess demand was backlogged as well. Yang (2004) developed the two-warehouse inventory models for deteriorating items with constant demand rate under inflation. An inventory model with two warehouses and stock-dependent demand rate was proposed by Zhou and Yang (2005). Shortages were not allowed in the model and the transportation cost for transferring items from RW to OW was taken to be dependent on the transported amount. Two-warehouse inventory models with LIFO and FIFO dispatching policies were developed by Lee (2006). Hsieh et al. (2008) suggested a deterministic inventory model for deteriorating items with two warehouses by minimizing the net present value of the total cost. This chapter deals the inventory model for deteriorating items with stock-dependent demand rate, time-dependent holding cost and shortages under inflation, for two warehouses system in which each cycle begins with shortages and ends without shortages is considered. Then compare the two warehouses inventory models, one proposed and other the traditional one, based on the minimum cost approach we show that there
II. Assumptions and Notations:
The following assumptions are used in this study: 1. Lead-time is zero and the initial inventory level is zero. 2. Deterioration is considered only after the inventory is stored in the warehouse. 3. There is no repair or replacement of the deteriorated inventory units. 4. The OW has a fixed capacity of w units and the RW has unlimited capacity. 5. Due to different stocking atmosphere, inventory cost (including carrying cost and deterioration cost) in RW are higher than those in OW. 6. Shortages are allowed and partially backlogged. The fraction of the shortages backordered is a differentiable and decreasing function of time t, denoted by δ(t) Where t is the waiting time up to the next replenishment, with 0 ≤ δ(t) ≤ 1 and δ(0) =1. Note that if δ(t) =1(or 0) for all t, then shortages are completel backlogged (or lost). 7. When shortages are lost, the cost of lost sale is the sum of the revenue lost and the cost of lost goodwill.
Hence the cost of lost sales here is grater than the unit purchase cost. the unit opportunity cost due to lost sale, if the shortage is lost. Note that if the objective is minimizing the total cost, then C 1 =p+ C g > C p , where p is the cost of lost revenue and C g is the cost of lost goodwill, if the shortage is lost. Otherwise, if it is maximizing the total profit, then C 1 = C g . TC i the present value of the total relevant cost per unit time for model i, i = 1, 2.
III. Mathematical Model And Solution:
There are two possible shortage models under the assumptions described above. In which, the traditional model (i.e., Model I) start with an instant order and ends with shortages, consequently Model II begins with shortages and ends without shortages. Discussion of both models with taken assumptions have been done as follows
The mathematical formulation of the model starting with no Shortage:
The inventory level, I(t), 0 t t s  satisfies the following differential equations with the corresponding boundary conditions :
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The mathematical formulation of the model starting with Shortages:
In this section the inventory model starting with shortages is studied. The cycle now starts with shortages, which occur during the period (0, Which implies that t 0 is a strictly increasing function of t r. . Next differentiating eq. (4.42) with respect to t r , we obtain that 0 dt s dt r  Therefore, t s is also a strictly increasing function of t r . Consequently if t r is given, equations (4.40) and (4.41) provides a unique solution for t o and t s . Further we find that 
V. Numerical Examples:
Let D = 450, c 0 = 80, c h1 = 1.5, c h2 = 2.5, c s = 0.2, c p = 10, w = 70, α=0.02, β = 0.04, and r=0.06, The computational results for the two models are shown below: 
